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TREATMENT OF EXPOSED SILICON AND
SILICON DIOXIDE SURFACES

This 1s a continuation of U.S. patent application Ser. No.
08/890,368, filed on Jul. 14, 1997, titled “TREATMENT OF

A SURFACE HAVING AN EXPOSED SILICON/SILICA
INTERFACE”, now U.S. Pat. No. 6,103,627, which 1s a
continuation-inpart of U.S. patent application Ser. No.
08/604,427, filed on Feb. 21, 1996, titled “WET CLEAN OF
A SURFACE HAVING AN EXPOSED SILICON/ SILICA
INTERFACE”, now U.S. Pat. No. 5,645,737, both of which
are 1ncorporated herein by reference.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention relates to the manufacture of semi-
conductor devices. More particularly, the present invention
1s directed to methods for treating a surface having an
exposed silicon/silicon dioxide interface, which treatment 1s
uselul 1 the manufacture of semiconductor devices. The
methods are particularly useful for a post chemical mechani-
cal polishing clean of a surface having an exposed silicon/
silicon dioxide interface.

2. The Relevant Technology

Chemical mechanical polishing 1s finding increasing
application in the manufacture of semiconductor devices to
planarize surfaces 1n preparation for high resolution photo-
lithography and for other purposes. Chemical mechanical
polishing 1nvolves polishing an uppermost film on the
surface of a semiconductor substrate by use of a polishing
pad and a polishing slurry. The slurry contains polishing
particles. Pad types and slurry compositions vary depending,
on the material being polished and other factors.

In the context of this document, the term “semiconductor
substrate” 1s defined to mean any construction comprising
semiconductive material, including but not limited to bulk
semiconductive material such as a semiconductive wafer,
cither alone or 1n assemblies comprising other materials
thereon, and semiconductive material layers, either alone or
in assemblies comprising other materials. The term “sub-
strate” refers to any supporting structure including but not
limited to the semiconductor substrates described above.

Chemical mechanical polishing 1s particularly useful
where feature sizes of less than 0.5 micron must be defined
over a topography already existing on the substrate surface.
In such circumstances, a reflowed silicon dioxide glass layer
1s 1nsufficiently planar, but with chemical mechanical
polishing, sufficient planarity may be achieved to facilitate
high resolution photolithography. Chemical mechanical pol-
1shing may also be employed to completely remove portions
of a layer being polished, so that underlying material is
exposed. In either case, a clean step 1s required after the
chemical mechanical polishing to clean polishing slurry
from the substrate surface.

Where silicon dioxide or silicon 1s the layer being
polished, the polishing slurry typically contains silicon
dioxide particles having an average size of about 30 nanom-
eters (nm). The silicon dioxide particles that remain on a
silicon dioxide surface after polishing are typically removed
by a clean process including an HF (hydrofluoric acid
solution) dip followed by a deionized water rinse. Silicon
dioxide particles and other contamination remaining on a
silicon surface after polishing are typically cleaned in an
ammonium hydroxide solution or the like.

Where a silicon dioxide layer 1s polished until some
silicon 1s exposed, or where a silicon layer 1s polished until
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some silicon dioxide 1s exposed, the above typical clean
processes can result 1n problems. While the typical clean
process for silicon dioxide 1s effective to remove silicon
dioxide particles from a silicon dioxide surface, a silicon
surface 1s not adequately cleaned. Silicon dioxide particles
tend to collect on the silicon surface and, once the clean
process 1s complete, tend to permanently adhere there,
regardless of further cleans. The typical clean processes for
silicon are likewise ineffective to remove silicon dioxide
particles from a silicon dioxide surface. Further, an ammo-
nium hydroxide clean, which etches silicon, can be unac-
ceptable where particularly fine or small silicon structures
must be preserved. Accordingly, there exists a need for a
clean process which can remove silicon dioxide particles
from both silicon dioxide and silicon surfaces, and particu-
larly without etching silicon surface.

SUMMARY OF THE INVENTION

In accordance with the present invention, a method 1s
presented for treating an exposed silicon/silicon dioxide
interface on a surface situated on a semiconductor substrate.
The mterface 1s exposed by a chemical mechanical polishing
step. The interface 1s next contacted with a solution
composed, by volume, of 200 parts of deionized water, 1
part of hydrofluoric acid, and at least 5 parts of tetramethyl
ammonium hydroxide.

The interface 1s again contacted with an organic carboxy-
lic acid surfactant having a critical micelle concentration
greater than or equal to 107" m/l. The organic carboxylic
acid surfactant, which can having a pH greater than or equal
to 4, can elfectively clean the interface. The critical micelle
concentration greater than or equal to 10”" m/I of the organic
carboxylic acid surfactant significantly prevents the forma-
tion of a charge differential between the silicon dioxide and
silicon portions of the surface, which charge differential
would otherwise cause any silicon dioxide particles present
to remain on the silicon portions of the surface. The surfac-
tant properties of the selected organic carboxylic acid helps
to remove any silicon dioxide particles from the surface. The
organic carboxylic acid surfactant can be pentadecanoic acid
or other similar long chain acids. A preferred organic car-
boxylic acid surfactant 1s citric acid.

Lastly, silicon dioxide particles are removed from the
interface by optionally contacting the same with deionized
water or sulturic acid. The deionized water or sulfuric acid
removes the organic carboxylic acid surfactant from the
surface, leaving a clean surface with fewer particulate matter
on both the silicon dioxide and silicon portions thereof, with
substantially no etching of the silicon portion.

These and other features of the present invention will
become more fully apparent from the following description
and appended claims, or may be learned by the practice of
the 1nvention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the above-recited and
other advantages of the mmvention are obtained may be more
fully explained, a more particular description of the 1nven-
tion briefly described above will be rendered by reference to
specific embodiments and applications thereof which are
illustrated 1n the appended drawings. Understanding that
these drawings depict only typical embodiments and appli-
cations of the mvention and are not therefore to be consid-
ered to be limiting of its scope, the invention will be
described and explained with additional specificity and
detail through the use of the accompanying drawings in
which:
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FIG. 1 1s a flow diagram of a method of the present
invention.

FIG. 2 1s a partial cross section of a partially formed
semiconductor device on which a method of the present
invention may be beneficially performed.

FIG. 3 1s another partial cross section of a partially formed
semiconductor device on which a method of the present
invention may be beneficially performed.

FIG. 4 1s yet another partial cross section of a partially
formed semiconductor device on which a method of the
present mnvention may be beneficially performed.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As an overview, the present invention provides a method
for cleaning surfaces having silicon and silicon dioxade
exposed, and particularly for removing from such surfaces
silicon dioxide particles left after chemical mechanical pol-
1shing. The exposed silicon may be of any type, mncluding
for example doped and undoped single crystal silicon,
epitaxial silicon, polysilicon, and amorphous silicon. The
silicon dioxide may also be of any type such as doped or
undoped, grown or deposited, including any type of silicon
dioxide glass. The mventive method described 1n detail
below successtully removes silicon dioxide particle con-
tamination from both silicon dioxide and silicon surfaces
without substantially etching the silicon surface.

According to the present invention, a surface having an
exposed silicon/silicon dioxide interface 1s cleaned by per-
forming the process illustrated in the flow diagram of FIG.
1. The surface 1s typically a surface of a semiconductor
substrate which has been chemically mechanically polished,
leaving silicon dioxide particle contamination.

As a first step, the surface with the exposed silicon/silicon
dioxide interface 1s etched by contacting the same with a
hydrogen halide acid solution, such as HF. The contacting 1s
preferably achieved by dipping the substrate in the hydrogen
halide acid solution. The first step of the process flow shown
in FIG. 1, the HF dip, 1s preferably performed 1n hydrof-
luoric acid having preferably a concentration within the
range of about 4:1 to about 250:1, and most preferably a
concentration of about 100:1.

Other known ways of contacting the surface with HF may
optionally be substituted for the HF dip. Most preferably, the
hydrogen halide acid solution 1s composed of about 200
parts by volume of 1onized water, about 1 part of hydrot-
luoric acid by volume, and at least 5 parts of tetramethyl
ammonium hydroxide by volume. While an HF solution can
be used as stated above, the preferred hydrogen halide acid
solution 1s cleaner than an HF solution and also slows down
the etch to bring about an easier to control lower material
removal rate. Also, the preferred solution changes the selec-
fivity to oxides. Particularly, the proposed etchant solution
lowers the material removal rate of one type of oxide being
ctched without necessarily effecting another type of oxide
that 1s also exposed to the etchant solution. By way of
example, the proposed solution will have a lower material
removal rate for doped oxade than 1t will for undoped oxide.

Next, the surface having the exposed silicon/silicon diox-
ide 1nterface of said surface 1s contacted with an organic
carboxylic acid surfactant having a critical micelle concen-
tration greater than or equal to 1077 m/l. Preferably, the
organic carboxylic acid surfactant will be citric acid. The
organic carboxylic acid surfactant can be pentadecanoic acid
or other similar long chain acids. The contact with the
surface 1s preferably achieved by dipping the substrate in
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citric acid or flowing citric acid, rinsing the substrate 1n citric
acid, spraying the surface of the substrate with citric acid, or
a similar technique. Last, the surface 1s rinsed with deion-
1zed water. This may be achieved 1n any of many ways
known to those of skill in the art.

The second step of the process flow shown 1n FIG. 1, the
organic carboxylic acid surfactant rinse, such as with a citric
acid rinse, should be performed soon, and preferably
immediately, after the HF dip, and without any intervening
rinse 1n deionized water. If a deionized water rinse were to
follow the HF dip, silicon dioxide particles would collect on
the silicon portion of the surface. This 1s a result of a buildup
of charge on the silicon dioxide particles and the silicon
dioxide portions of the surface. At a pH value of 7 for
deionized water, the silicon dioxide particles and the silicon
dioxide portion of the surface become negatively charged,
repelling each other, while the silicon portions of the surface
remain neutral or are only slightly negatively charged. The
mutual repulsion of the silicon dioxide particles and the
silicon dioxide portions of the surface tends to concentrate
the silicon dioxide particles on the silicon portions of the
surface, and to prevent the silicon dioxide particles from
being removed by translational motion along the surface.

The second step of the process flow shown 1n FIG. 1, the
organic carboxylic acid surfactant rinse, shown 1n FIG. 1 as
a citric acid rinse, 1s performed 1n organic carboxylic acid
surfactant of suflicient strength so as to have a crifical
micelle concentration greater than or equal to 107" m/l. At
such critical micelle concentrations, no significant charge 1s
built up on the silicon dioxide particles and silicon dioxide
portions of the surface. The 1mmediate transfer of the
surface from contact with HF to contact with the organic
carboxylic acid surfactant, without an intervening deionized
water rinse, prevents the silicon dioxide particles from
changing to a more negative charge. The surfactant proper-
ties of the organic carboxylic acid surfactant assist in wash-
ing away the particles, while preventing the mutual repul-
sion of the silicon dioxide particles and the silicon dioxide
portions of the surface, allowing the silicon portions of the
surface to be cleaned of silicon dioxide particles.

The 1nventive method focuses upon the critical micelle
concentration (CMC) rather than the pH of the organic
carboxylic acid surfactant. The CMC 1s a factor of how
soluble the organic carboxylic acid surfactant, such as citric
acid, 1s 1 the solution. The CMC solubility parameter
measures the saturation point of the organic carboxylic acid
surfactant in the solution before the formation of micelles.
As a surfactant chemical, the 1onic carboxylic has a cleaning
cifect by reducing of the surface tension by the addition of
the molecules at the particle surface. As long as the CMC 1s
exceeded, the surface tension i1s reduced or modified as
ciiiciently as possible for a given molecule.

CMC, 1n some cases, 1s equivalent to pH, and 1n some
cases 1t 1s not, depending upon the ionic valency of the
molecules. In the case of citric acid, which 1onizes into
COO™ and H, there are three (3) hydrogen ion groups and
three (3) carboxylic ion groups. The hydrogen ion concen-
tration yields a certain pH, or acidic rating, whereas the
molecule yields the CMC. The CMC determines the mini-
mum concentration necessary for cleaning consistency, not
just the pH which also contributes to the cleaning consis-
tency. Thus, CMC 1s a more preferred criteria to quantify a
cleaning application than pH.

By way of example, the pH increases for two COOH
groups 1n solution as compared to only one COOH group.
Cleaning consistency, however, stays the same since CMC 1s
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a constant. CMC 1s a constant for a given molecule 1n a
ogrven solution because only a certain number of molecules
can be present and acting upon the interface on the surface
at any one time. The cleaning at the mterface that takes place
1s the reduction of the surface tension of the water at the
interface between the particles and the solution which 1s
caused by the molecules present at the interface.

For one carboxylic acid group, a CMC of 10" m/1 is the
same as pH 7, which 1s the pH of deionized water. A organic
carboxylic acid surfactant having a CMC of 107" m/l and a
pH higher than the 1soelectric point of the particle 1s effec-
five to clean the exposed silicon/silicon dioxide interface.
The pH, however, must be less than 7 to effectively clean the
interface. Also, the silicon/silicon dioxide interface 1s gov-
erned by the 1soelectric point of the silicon verses the silicon
dioxide, which 1s at 2.2 pH. As such, the organic carboxylic
acid surfactant will preferably have a CMC of 10~" m/I and
a pH greater than or equal to 2.2 and less than 7.

In the third step of the process tlow shown 1 FIG. 1, a
deionized water rinse 1s illustrated as an example of a rinse.
Alternatively, the process could do without the D1 rinse
altogether, or could use a piranha clean (H,SO,). In such a
rinse, the organic carboxylic acid surfactant 1s gradually
removed from the surface, eventually passing a pomnt at
which the silicon dioxide particles and the silicon dioxide
portions of the surface become charged. By that point,
however, the silicon dioxide particles have been substan-
fially removed from the surface, either by the citric acid
rinse or by the initial stages of the deionized water rinse.

Presently preferred applications for the method steps seen
in FIG. 1 are illustrated in FIGS. 2-4.

FIG. 2 1s a partial cross section of a partially formed
semiconductor device showing a substrate 12 upon which a
layer of silicon dioxide 14 such as BPSG has been formed.
Layer of silicon dioxide 14 has been etched away at a certain
location, leaving a space 16 therein. A thin layer of silicon
has been deposited conformably over substrate 12 and layer
of silicon dioxide 14, then removed by chemical mechanical
polishing until only a layer of silicon 18 at space 16 remains.
Layer of silicon 18 will function 1n the completed semicon-
ductor device as the lower capacitor plate of a container
capacitor.

The method steps of the present invention are particularly
uselul to clean a substrate having the structure shown in
FIG. 2. The chemical mechanical polishing used to form the
structure shown 1 FIG. 2 leaves silicon dioxide particles
that must be removed. Because both layer of silicon dioxide
14 and layer of silicon 18 are exposed, a standard HF dip
followed by a deionized water rinse causes silicon dioxide
particles to collect on silicon layer 18, particularly on the
uppermost upward facing surfaces thereof, near the interface
of layer of silicon dioxide 14 and layer of silicon 18.
Because capacitance of a capacitor depends on surface arca
and hence on such fine features as surface roughness, any
clean that etches silicon would negatively impact capaci-
tance of a capacitor formed with layer of silicon 14. The
method steps of the present invention avoid both problems
by providing a cleaning method that removes silicon dioxide
particles from both silicon dioxide and silicon without
ctching silicon.

The method steps of the present mvention also finds
uselul application where planarization of active and 1sola-
tion regions 1s desired. FIG. 3 shows a silicon substrate 20
having an active region 22 1solated by field oxide regions 24
and 26. The structure shown 1 FIG. 3 may be formed by
etching a silicon substrate to form an 1sland at the location
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desired for the active region, then masking the 1sland and
orowing oxide around the island. Alternatively, the island
may be left unmasked and oxide may be grown around and
over the 1sland. In either case, the grown oxide 1s then
polished by chemical mechanical polishing back to the level
of the unoxidized silicon of the island, resulting in the
structure of FIG. 3. The method of the present invention may
then be applied to clean the surfaces of active region 22 and

field oxide regions 24 and 26.

Further beneficial use of the present invention may be
found where silicon plugs are isolated and planarized by

means ol chemical mechanical polishing. FIG. 4 shows a
substrate 28 having raised structures 30 such as gate stacks
formed thereon. Raised structures 30 are enclosed 1n a layer
of spacer material 32 over which a layer of silicon dioxide
34 such as BPSG has been conformably deposited. A space
36 has then been etched 1n layer of silicon dioxide 34 down
to substrate 28 with an etch process selective to spacer
material 32. A layer of silicon such as doped polysilicon has
then been deposited conformably over substrate 28, spacer
material 32, and layer of silicon dioxide 34. The layer of
silicon 1s then polished by chemical mechanical polishing
back to the level of layer of silicon dioxide 34, resulting 1n
a silicon plug 38. The method of the present may then be
applied to clean the exposed surfaces of layer of silicon
dioxide 34 and silicon plug 38.

The method of the present invention may further be
beneficially applied m virtually any process requiring a
clean of a surface having an exposed silicon/silicon dioxide
interface, particularly where silicon dioxide particles or any
other particles with similar electrical characteristics are
present.

The present invention may be embodied 1n other specific
forms without departing from 1its spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope
of the invention 1s, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What 1s claimed and desired to be secured by United
States Letters Patent 1s:

1. A method for treating a surface having an exposed
silicon/silicon dioxide interface after a chemical mechanical
polishing process that generates particles, including silicon
dioxide particles, deposited over the silicon/silicon dioxide
interface, said method comprising:

providing a carboxylic acid with a critical micelle con-
centration; and

contacting, under acidic conditions, the exposed interface
with the carboxylic acid having a critical micelle con-
centration greater than or equal to 10~ m/l, so that
there 1s no substantial etching of the exposed silicon
surface upon said contacting the exposed interface with
the carboxylic acid.

2. The method as defined 1n claim 1, further comprising,
prior to contacting the exposed 1nterface with said carboxy-
lic acid surfactant, contacting the exposed interface with a
hydrogen halide acid solution.

3. The method as defined 1n claim 1, further comprising,
after contacting the exposed interface with said carboxylic
acid surfactant, contacting the exposed interface with sul-
furic acid.

4. The method as defined 1n claim 1, further comprising,
after contacting the exposed interface with said carboxylic
acid surfactant, contacting the exposed interface with deion-
1zed water.
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5. The method as defined 1n claim 1, wherein the exposed
interface 1s between a silicon dioxide surface and at least one

of:

an exposed edge of a capacitor plate;
an exposed field oxide surface; and

an exposed surface of a contact plug.
6. The method as defined in claim 1, wherein:

the exposed 1interface includes interface surfaces
comprising, respectively, silicon and silicon dioxade;

cach said interface surface has thereon both particles of
silicon dioxide and other particles not comprising sili-
con dioxide but having similar electrical characteris-
tics; and

the method further comprises contacting the exposed
interface with a fluid to remove:
said particles of silicon dioxide from each said 1nterface

surface; and
said other particles not comprising silicon dioxide but

having similar electrical characteristics from each
said interface surface.

7. A cleaning method, comprising:
exposing a silicon/silicon dioxide interface on a surface;
and

contacting, under acidic conditions, the exposed interface
with a carboxylic acid having a critical micelle con-
centration greater than or equal to 10~" m/l, so that
there 1s no substantial etching of the silicon exposed 1n

the silicon/silicon dioxide interface.
8. The method as defined 1n claim 7, further comprising,
prior to contacting the exposed interface with said carboxy-
lic acid surfactant and after said exposing said silicon/silicon

dioxide mterface, contacting said exposed surfaces of silicon
and silicon dioxide with a hydrogen halide acid solution.

9. The method as defined 1n claim 7, further comprising,
after contacting the exposed interface with said carboxylic
acid surfactant, contacting the exposed interface with sul-
furic acid.

10. The method as defined in claim 7, further comprising,
after contacting the exposed interface with said carboxylic
acid surfactant, contacting the exposed interface with deion-
1zed water.

11. The method as defined 1n claim 7, wherein the exposed

mnterface 1s between a silicon dioxide surface and at least one
of:

an exposed edge of a capacitor plate;
an exposed field oxide surface; and

an exposed surface of a contact plug.
12. The method as defined 1n claim 7, wherein:

the exposed interface includes interface surfaces
comprising, respectively, silicon and silicon dioxade;

cach said interface surface has thereon both particles of
silicon dioxide and other particles not comprising sili-
con dioxide but having similar electrical characteris-
tics; and

the method further comprises contacting the exposed

interface with a fluid to remove:

said particles of silicon dioxide from each said interface
surface; and

said other particles not comprising silicon dioxide but
having similar electrical characteristics from each
saild interface surface.

13. A method for determining the minimum concentration
necessary for cleaning consistency of a surface, the method
comprising:

performing a chemical mechanical polishing process

upon the surface to expose a silicon/silicon dioxide
interface; and
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contacting, under acidic conditions, the exposed silicon/
silicon dioxide interface with a carboxylic acid having,
a critical micelle-concentration greater than or equal to
10~" m/l, so that there is no substantial etching of the
silicon exposed 1n the silicon/silicon dioxide interface.

14. The method as defined 1in claim 13, further
comprising, prior to contacting the exposed silicon/silicon
dioxide interface with said carboxylic acid surfactant and
after said chemical mechanical polishing process, contacting,
the exposed silicon/silicon dioxide 1nterface with a hydrogen
halide acid solution.

15. The method as defined 1n claim 13, further
comprising, after contacting the exposed silicon/silicon
dioxide interface with said carboxylic acid surfactant, con-
tacting the exposed interface with sulfuric acid.

16. The method as defined 1n claim 13, further
comprising, after contacting the exposed silicon/silicon
dioxide interface with said carboxylic acid surfactant, con-
tacting the exposed silicon/silicon dioxide interface with
delonized water.

17. The method as defined in claim 13, wherein the
exposed silicon/silicon dioxide mterface 1s between a silicon
dioxide surface and at least one of:

an exposed edge of a capacitor plate;

an exposed field oxide surface; and

an exposed surface of a contact plug.
18. The method as defined 1n claim 13, wherein:

the exposed silicon/silicon dioxide interface includes
interface surfaces comprising, respectively, silicon and
silicon dioxide;
cach said interface surface has thereon both particles of
silicon dioxide and other particles not comprising sili-
con dioxide but having similar electrical characteris-
tics; and
the method further comprises contacting the exposed
silicon/silicon dioxide interface with a fluid to remove:
said particles of silicon dioxide from each said interface
surface; and
said other particles not comprising silicon dioxide but
having similar electrical characteristics from each
said interface surface.
19. A method for removing particles from a surface
comprising silicon and from a surface comprising silicon
dioxide, the method comprising:

providing a carboxylic acid with a critical micelle
concentration, and

contacting, under acidic conditions, the surfaces
comprising, respectively, silicon and silicon dioxide
with the carboxylic acid having a critical micelle con-
centration greater than or equal to 107" m/l, so that
there 1s no substantial etching of the surface comprising
silicon.

20. The method as defined 1in claim 19, further
comprising, prior to contacting the surface comprising sili-
con and the surface comprising silicon dioxide with said
carboxylic acid surfactant, contacting the surfaces
comprising, respectively, silicon and silicon dioxide with a
hydrogen halide acid solution.

21. The method as defined in claim 19, wherein said
contacting prevents the formation of a charge differential
between the surface comprising silicon and the surface
comprising silicon dioxide.

22. The method as defined 1n claim 19, wherein:

the surfaces comprising, respectively, silicon and silicon

dioxide have thereon both particles of silicon dioxide
and other particles not comprising silicon dioxide;
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said other particles have similar electrical characteristics;
and

the method further comprises contacting the surfaces
comprising, respectively, silicon and silicon dioxide
with a fluid to remove said particles of silicon dioxide
and said other particles not comprising silicon dioxide.

23. The method as defined 1n claim 19, further
comprising, after contacting the surface comprising silicon
and the surface comprising silicon dioxide with said car-
boxylic acid, contacting said surface comprising,
respectively, silicon and silicon dioxide with sulfuric acid.

24. The method as defined in claim 19, further
comprising, alfter contacting the surface comprising silicon
and the surface comprising silicon dioxide with said car-
boxylic acid, contacting said the surface comprising,
respectively, of silicon and of silicon dioxide with deionized
water.

25. The method as defined 1n claim 19, wherein the
surfaces comprising, respectively, silicon and silicon diox-
1de form an interface between a silicon dioxide surface and
at least one of:

an exposed edge of a capacitor plate;
an exposed field oxide surface; and

an exposed surface of a contact plug.
26. A particle removal method, comprising:

performing a chemical mechanical planarization process
to:
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expose a first surface comprising silicon dioxide and a
second surface that i1s at least one of:

an exposed edge of a capacitor plate;
an exposed field oxide surface; and

an exposed surface of a contact plug;

form on each of the first and second surfaces particles
of silicon dioxide and also other particles not com-
prising silicon dioxide but having similar electrical
characteristics; and

prevent the formation of a charge differential between
the first and second surfaces;

contacting said first and second surfaces with a hydrogen
halide acid solution;

contacting, under acidic conditions, said first and second
surfaces with a carboxylic acid having a critical micelle
concentration greater than or equal to 10~ m/1, so that
there 1s no substantial etching of the second surface;
and

contacting said first and second surfaces with at least one
of deionized water and sulfuric acid to remove from the
first and second surfaces both the particles of silicon
dioxide and the other particles not comprising silicon
dioxide.
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